INTRODUCTION
cis-diamminedichloroplatinum, cisplatin (cddp), is one of the most widely used chemotherapeutic agents for the treatment of several human malignancies. Nonetheless, its efficacy is often limited by its side effects as it may induce serious toxicity in normal tissues and organs including the kidneys 1 . Various approaches have been attempted to curtail these side effects such as using the novel cddp analogues and hydrating the patients during cddp treatment 2 . despite these efforts, cddp-induced nephrotoxicity remains a major obstacle that limits its use and efficacy in cancer therapy 3 . The cytotoxic effects of cddp are postulated to occur via several mechanisms, including inhibition of protein synthesis, mitochondrial injury, and dNa damage, which lead ultimately to activation of apoptotic pathways in tumor cells as well as renal tubule cells 4 . Two major apoptotic pathways have been implicated in cddp-nephrotoxicity: the mitochondrial (intrinsic) and the cell death receptor (extrinsic) pathways. Both extrinsic and intrinsic pathways eventually converge on a common execution phase of apoptosis (activation of caspase-3) that provokes engagement of the effector caspases 5 . on the activation of the latter caspase, the cleavage of cellular machineries essential for cell viability cascades. This results in shrinkage of the cell and fragmentation into membrane-bound apoptotic bodies, which are eventually subjected to rapid phagocytosis by the surrounding cells 6 . Therefore, new approaches, such as novel effective drugs with mild toxicities or excellent combination regimens, are needed to ameliorate cddp side effects.
cumulative studies demonstrate there are substances commonly used by cancer patients to either "treat" cancer and/or "reduce the toxicity" induced by chemotherapy 7 . indeed, a growing list of studies document that patients receiving medicinal herbs with chemotherapy or radiation do not only experience fewer side effects, but also have better short-term and long-term outcomes in relation to their disease 8 . For example, the extracts of chinese medicinal herbs are often used together with traditional cancer therapy to improve the survival rate and quality of life, as the use of herbal extracts are much less expensive than the standard antineoplastic therapies currently available 9, 10 . cinnamon (Cinnamomum cassia), belonging to the lauracease family, is a favorite spice around the world, owing to its flavor, health benefits and wide uses in traditional medicine 11 . The chemical constituent of cinnamon bark includes 65-80% cinnamaldehyde and 5-10% eugenol, in addition to other compounds present in lesser percentages such as cinnamic acid, hydroxyl cinnamaldehyde, cinnamyl alcohol, coumarin and cinnamyl acetate 12 . Volatile oils from the different parts of cinnamon including leaves, bark, fruits, root flowers, and buds have been isolated. despite the isolation of several components in cinnamon and the appreciation of their therapeutic application have been demonstrated, it was found that using the whole plant helps to decrease the side effects that may occur on using the isolated components 13 . The aqueous and alcoholic extracts of cinnamon have been found to potentially inhibit fatty acid oxidation and lipid peroxidation in vitro 14 . different flavonoids isolated from cinnamon have free-radical-scavenging activities and antioxidant properties 15 . it was revealed that cinnamaldehyde possesses potential activity against the production of nitric oxide as well as the expression of inducible nitric oxide. Furthermore, in a comparative study cinnamon phenolic extract showed the highest antioxidant activity, among screened 26 herbal extracts 16 . in addition, cinnamon possesses anti-inflammatory, anti-cancer, antiangiogenesis antimicrobial, and antidiabetic activities [17] [18] [19] . Based on the above studies valuing cinnamon properties, this herb provides a fertile ground for future investigations and discoveries pertinent to its use as an ameliorating agent against cddp cellular toxicity. Thus far, studies on the combined effect of cinnamon and cddp are lacking and not convincing enough to allow a general recommendation for using both agents in a combination regimen. This study provides a platform for evaluating the potentiality of cinnamon to counter the effect of cddp-induced toxicity of kidney cells. We hypothesized that since cinnamon extract involves a wide array of ingredients that have substantially different biochemical characteristics, these ingredients may simultaneously target multiple molecular and cellular pathways involved in the process of cddp-induced cyto-toxicity.
MATeRIALS AND MeTHODS

Preparation of aqueous extract of Cinnamon
cinnamon bark (100 mg), purchased from local markets, was cleaned, ground and mixed with 1000 ml of distilled water and the mixture was boiled at 100 °c for 30 min. The decoction was centrifuged, filtered using 0.2 mm millipore filter (st. Quentin en Yvelines, France), lyophilized (lypholizer model: christ -alpha1-2ld plusGermany), re-dissolved in dmso to the desired concentrations and denoted aec (ref. 20 ).
gas chromatography-mass spectrometry (gC-MS) analysis of the decoction of cinnamon was performed using a Gcms-Qp2010 plus (shimadzu, Kyoto, Japan) and a dB-5 column (30 m × 0.25 mm × 0.25 μm) (J&W scientific, Folsom, ca) was included in the gas chromatograph system 21 .
High-performance liquid chromatography (HPLC)
The combined diethyl ether layers were evaporated and the resultant residue was dissolved in Hplc grade methanol (meoH) to give 1.000 ppm. Hplc Yl 9100 system (Younglin, anyang, Korea) was used. identification of the phenolic compounds in the sample was determined by comparing the retention times of known peaks. column c/8, Ultraviolet (UV) 220 nm, refractive index (rF) = 1 (ref.
)
Culture of vero cells
The Vero cell line, an immortal, non-oncogenic fibroblastic cell line established from kidney cells of the african green monkey (cercopithecus aethiops) has been used to study cell growth, differentiation 23 and cytotoxicity 24 . Vero cells were cultured in dulbecco's modified eagle's medium (dmem) (Biochrom, Germany) supplemented with 10% Fcs, 100 µg/ml penicillin/streptomycin. cells were maintained in 5% co2-95% air at 37 °c and sub-cultured every other day.
Cell growth analysis
cell viability and the effects of cddp (sigma), and aec on the growth of Vero cells were assessed by Watersoluble tetrazolium salt-1(WsT-1) cell proliferation assay Kit (cayman chemicals-Usa) according to the manufacturer's instructions. Briefly, Vero cells were seeded onto 96-well plates (10 4 cells/well) and grown overnight. The cells were then treated with indicated concentrations of the cddp and aec and incubated for 24 h. at the end of each incubation, 10 μl of freshly prepared WsT-1 solution was added to each well. culture medium and WsT-1/ solution were added in an empty well as a blank for the microtiter plate reader. The absorbance of the treated and untreated samples was measured after 2 h by a micro plate reader (BioTek synergy HT), at 450 nm with a reference wavelength 630 nm to avoid the interference of cell layer absorbance that blocks light passing through.
Nuclear and cytoplasmic staining assays
The nuclear morphological changes associated with apoptosis were analyzed using coomassie stain and fluorescent stains, Hoechst 33342, acridine orange (ao) and ethidium bromide (etBr). Vero cells were cultured in slide chambers and allowed to adhere to the bottom of the wells for 24 h before treatment. cells were then exposed to indicated concentrations of the cddp and aec for 24 h, before being washed with pBs and stained with Hoechst 33342 or ao/etBr (sigma) for 15 min at 37 °c. subsequently, cells were washed with pBs and viewed under a fluorescence microscope (axioplan 2 Zeiss, Germany). For coomassie staining, cells were fixed using cold ethanol, washed with pBs, stained with coomassie examined under an inverted microscope (model:1X2-ill100-Japan) and then photographed.
Activation of Caspase-3
caspase-3/7 activities were determined by using the apo-oNe® Homogeneous caspase-3/7 assay (promega). Vero cells were seeded on a 96-well luminometer plate (10 4 cells/well) and treated with indicated concentrations of cddp, aec, or both for 24 h. Then the activities of caspase-3/7 were measured according to the manufacturer's instructions. Briefly, 100 μl of apooNe® caspase-3/7 reagent was added to each well and the contents of the wells were mixed using a plate shaker at 300-500 rpm for 12 h. The fluorescence of each well was measured using a micro-plate reader (BioTek synergy) with excitation at 485/20 nm and emission 528/20 nm.
Quantitation of DNA fragmentation
dNa fragmentation was performed as previously detailed 25 . Briefly, control and treated cells were suspended in 250 ul 10 mm Tris and 1 mm edTa, pH 8.0 (Te buffer), and were incubated with an additional volume lysis buffer (5 mm Tris, 20 mm edTa, pH 8.0, 0.5% Triton X-100) for 30 min at 4 °c. The intact pellet was separated from dNa fragments (supernatant) by centrifugation for 15 min at 13,000 g. Te buffer (500 mul) was added to the pellets and precipitation was done by adding 500 mul 10% trichloroacetic acid at 4 °c. samples were pelleted at 4000 r.p.m. for 10 min, and the supernatant was removed. Trichloroacetic acid (300 µl, 5%) was added and samples were boiled for 15 min. dNa contents were quantitated using the diphenylamine reagent. optical density was read at 600 nm with a multi-well spectrophotometer reader. The percentage of dNa fragmented was calculated as the ratio of the dNa content in the supernatant to the amount in the pellet.
Determination of ROS production
The intracellular ros level was measured using a fluorescent dye 2′,7′ dichlorodihydrofluorescein diacetate (H2-dcFda; invitrogen). cells were plated in 96-well plates and treated as detailed above. after washing with pBs, serum-free dmem containing 10 μm H2-dcFda was added to each well and incubated at 37 °c for 1 h. ros production was measured using a microplate reader equipped with a spectrofluorometer at an emission wavelength of 538 nm and extinction wavelength of 485 nm.
RNA extraction and quantitative RT-PCR
For the determination of Ho-1 expression level, cells were seeded (20 x 10 4 /well) onto 6-well plates and treated with indicated concentrations of cddp and aec for 24 h. after this period, floating and adherent cells were collected, washed with pBs and pelleted by centrifugation (700 g, 5 min). For rNa extraction and reverse transcriptase-pcr, gene-specific primers were used as previously described 26, 27 .
western blot analysis
For the determination of Bax and cytochrome c expression levels by Western blot analyses, polyacrylamide gel electrophoresis and immunoblots were performed as previously described 26 .
Statistical analysis
statistical analyses were done by using the spss program version 16 (iBm-Usa). The one-way analysis of variance (aNoVa) test was used. When equal variance could be assumed, the lsd-t test was applied. data were presented as mean ± standard deviation (sd). P < 0.05 was considered statistically significant.
ReSULTS
Constituents of AeC resulting from the gC-MS and HPLC analysis
The major constituents of the cinnamon bark decoction are phenylpropanoids (12%) and phenols (8%). other minor constituents are described in (Table 1) .
AeC prevented CDDP-induced vero cell Toxicity
initially, the effect of aec on the cell survival was determined using renal cell line, Vero, as a model. The cells were incubated with increasing concentrations (0, 10, 20, 40, and 50 µg/ml) of aec for 24 h, before being harvested and assayed for cell viability by WsT-1 test. as shown in Fig. 1a , aec marginally altered the basal level of the Vero cell viability, even at the level of 50 µg, aec did not show toxicity. Thus, we concluded from these experiments that aec is not toxic to normal Vero cells at the level as high as 50 µg/ml.
To find whether cinnamon ameliorates or exacerbates the side effects of therapy in normal cells, we determined the effects of aec on cddp-induced kidney cell viability. The results summarized in Fig. 1B show incubation of Vero cells with increasing concentrations of cddp for 24 h. Generally, cddp consistently exhibited a dosedependent anti-proliferative effect on the cell viability. The ic 50 value (the concentration of test compound that inhibits 50% of the cell growth) for 10, 15, 20 and 25 μg/ ml of cddp was around 15 μg/ml observed after 24 h of treatment, respectively.
Next, we incubated Vero cells with increasing doses of cddp along with 25 μg/ml of aec for 24 h. as seen in Fig. 1c , pre-incubation of the cells with aec significantly increased the percentage of cell viability. The cytoprotective effects of aec during cddp treatment were dosedependent, and significant cytoprotection was shown at 10-50 µg/ml (Fig. 1c) . These finding suggests that the treatment of Vero cells by aec may play a key role in the protection against cddp mediated toxicity. To find whether aec compromise cytotoxicity of cddp induced cytotoxicity of cancer cells, the breast cancer cells (mcF-7) and hepatocellular carcinoma cells (HepG2) were treated with cddp and aec for 24 h and cell viabilities were assayed. as shown in Fig. 1 , the aec did not alter cytotoxicity of cddp in case of mcF-7 (Fig.  1d) or HepG2 (Fig. 1e) cells, since the ic 50 values of cddp in the contexts of both cell lines were comparable to that for Vero cells (i.e. 15 μg/ml). Thus, aec has the potential to prevent cddp Vero cell toxicity without compromising the anticancer efficacy of cddp.
AeC prevented CDDP-induced apoptotic cell death
To determine whether aec inhibits the cddpdependent apoptotic cell death in Vero cells and whether aec-abrogating cddp-apoptosis potentiality accounts for its cyto-protective ability, cells were treated with increasing concentrations of aec and cddp for 24 h and the frequency of apoptotic cell death was assessed by phase microscopy. The findings in Fig. 2 display that control Vero cells appeared as a confluent layer of typical spindle-shaped cells adjacent to each other forming a confluent monolayer. They have well-defined outline and abundant cytoplasm, while the central nucleus revealed multiple recognizable nucleoli (Fig. 2a) . on the other hand, cells treated with cddp exhibited, in a dose-dependent manner, characteristic features of apoptosis. some cells showed a rim of perinuclear halo and multiple cytoplasmic vacuoles of varying sizes and the nuclei appeared condensed and hyperchromatic. at higher concentrations, more cardinal signs of apoptosis were quite evident. These include cellular shrinking, membrane blebbing and condensation of the peripheral heterochromatin and cleavage of the nucleus and cytoplasm into multiple membraneenclosed apoptotic bodies. importantly, cddp-induced apoptosis was suppressed by aec. To confirm the results, we analyzed apoptosis utilizing fluorescent nuclear stains. staining of apoptotic cells with fluorescent dyes such as ao and etBr is considered the correct method for evaluating the changed nuclear morphology. in this assay, only ao, but not etBr, can cross the plasma membrane of vital cells and stain the nuclei green. When the plasma membrane is disrupted at late apoptotic phase or due to necrosis, etBr can also enter the cell and stain the nuclei red. Based on this, live cells will show a normal green nucleus. early apoptotic cells show bright green nucleus owing to condensation of chromatin, while necrotic cells show intact normal red nucleus. in untreated cells, the nuclei fluoresced a faint green homogenous color, while in the treated cells the green emission was much brighter than in the unaffected ones owing to chromatin condensation. our results depicted in Fig. 2B indicate that the nuclei of untreated control cells were found to be intact, round in shape and were stained green. in contrast, cells treated with 10 and 15 μg/ml cddp had some cells stained green and some orange nuclei indicating an emergence of early apoptotic signs in the treated cells. at the highest doses of cddp (20 and 25 μg/ml), an increase in the number of cells with red-colored nuclei (necrotic/late apoptotic) was predominant. Thus, the morphological analysis of ao/etBr stained Vero cells indicated significant morphological changes.
AeC prevented CDDP-induced activation of Bax and Caspase-3 and release of cytochrome c
To determine the effect of aec on cddp-induced Bax activation and cytochrome c release, Vero cells were treated with cddp and aec for 24 h, then expression levels of both proteins in the cytosolic and mitochondrial compartments were assayed. as shown in Fig. 3a , in control cells, the majority of Bax was detected in the cytosolic fraction (lane 1), and, after cddp treatment, a significant amount of Bax moved to the mitochondrial fraction (lane 2). importantly, aec effectively suppressed cddp-induced Bax accumulation in mitochondria (lane 3). meanwhile, cddp treatment significantly induced the release of mitochondrial cytochrome c into cytosolic compartment, which was accompanied by the reduction of the cytochrome c in mitochondrial fraction 8) , an observation that was consistent with the low toxicity of aec in Vero cells. Together, these results suggest that aec may protect against cddp-induced apoptosis by inhibiting Bax activation and subsequent cytochrome c release.
Next, we investigated whether aec could inhibit cddp-induced caspase-3 activation. We noticed that cddp induced an increase in the activation of caspase-3, in a dose-dependent manner (Fig. 3B) . remarkably, aec alone did not have any effect on the activation of caspase-3 (Fig. 3c) ; in addition, it significantly suppressed cddp-induced caspase-3 activation in a dose-dependent manner (Fig. 3d) .
AeC prevented CDDP-induced ROS generation and DNA fragmentation, and mediated up-regulation of HO-1 expression
To determine whether aec treatment might abrogate cddp-induced ros generation, Vero cells were treated with cddp, aec or both agents for 24 h, then incubated with a fluorescent dye, H2dcFda, for 60 min and then fluorescence intensity was recorded. as seen in Figure  4a , cddp treatment promoted basal level of ros in Vero cells. on the other hand, when aec was added into the growth medium, along with cddp, ros generation decreased to the basal level. in addition, aec treatment alone insignificantly altered the basal level of ros.
Next, dNa fragmentation was quantitated after single and double treatment with aec and cddp. The percentage of dNa fragmentation dose-dependently increased after incubation of the cells with cddp (Fig. 4B) . However, when cells were treated with cddp along with aec, we could not observe dNa fragmentation (Fig.  4B) . Therefore, we concluded from these experiments that aec has a potentiality to suppress cddp-induced dNa fragmentation leading to apoptosis.
Finally, we investigated whether the protective effect of aec is mediated by the induction of Ho-1 expression in Vero cells. The cells were treated with cddp, aec or both agents, and the expression level of Ho-1 was assessed by reverse transcription-pcr. We observed that the Ho-1 mrNa was insignificantly down-regulated in the cddp-treated cells compared with the control (Fig.  4c) . However, when the cells were treated with aec, along with cddp, Ho-1 mrNa expression level was remarkably up-regulated. This finding suggests that the induction of Ho-1 by aec treatment may play a key role in the protection against cddp-mediated Vero cell toxicity. collectively, these data suggest that cddp induced oxidative stress in Vero cells, whereas such stress was significantly blocked by the aec treatment.
DISCUSSION
a major issue in cancer therapy is the potential side effects and toxicity to normal tissues. For example, cddp is a highly prescribed drug for cancer; nonetheless, its chemotherapeutic efficacy is severely limited by its nephrotoxicity 2 . Therefore, there is an urgent need to identify agents with potentiality to suppress the cytotoxic effect of cddp. several plant-derived phytochemicals have been found to prevent cddp-induced nephropathy 28, 29 . in the current study, we demonstrated that the aqueous extract of the herb, C. cassia (aec), can protect normal cells against cddp-induced cytotoxicity in Vero cells. significantly, aec had no noticeable effect on the anticancer efficiency of cddp against mcF-7 and HepG2 cells. Thus, aec has the potential to suppress cddp toxicity in normal Vero cells without compromising the anticancer efficacy of cisplatin. The data here show that cells treated with cddp exhibited morphological hallmarks of cells committing apoptotic cell death; these include cellular shrinkage and detachment, condensed and hyperchromatic nuclei surrounded by a perinuclear halo and formation of apoptotic bodies. These observations indicate that under our experimental conditions (applied doses and treatment intervals), the reduction of cell number after cddp treatment is due to apoptotic cell death.
a major finding of this study is that aec protects against cddp-induced apoptotic cascades in Vero cells. it is well-known that cddp exerts its apoptotic activity through activation of the intrinsic (mitochondrial) pathway (4). a mainstay event in this pathway is the permeabilization of the outer mitochondrial membrane allowing several pro-apoptotic factors, such as cytochrome c, to be released into the cytosol 5 . The release of cytochrome c, however, is tightly regulated by members of a Bcl-2 protein family 30 ; the Bcl-2 protein prevents, whilst the Bax protein boosts release of the cytochrome. in healthy cells, Bax exists in an inactive form mainly in the cytosol; upon activation by apoptotic signals, it migrates to the mitochondria and boosts release of the cytochrome c into cytosol 30 . The released cytochrome c mediates, along with other cytosolic proteins, activation cascade of caspases including caspase-9, which subsequently activates further downstream caspases including caspase-3. caspase-3 in particular is one of the key executioners of apoptosis and is either partially or wholly responsible for the proteolytic cleavage of many proteins and dNa fragmentation, ultimately leading to cell death 5 . accumulative studies demonstrate that cddp triggers all these (abovementioned) activities to induce apoptosis 2 . Therefore, in the present study, we monitored the translocation of Bax, cytochrome c release, activation of caspase-3 and cleavage of dNa to better understand the molecular mechanisms involved. consistent with earlier studies, our results showed that cddp treatment resulted in translocation of Bax, release of cytochrome c, progressive activation of caspase-3 and fragmentation of dNa. significantly, we found that all these activities were obviated, when cells were treated with cddp along with aec. Thus, this study has uncovered a new pharmacological function of aec, blocking cddp-induced apoptotic cascades. This finding is important because it suggests that aec may enhance therapeutic efficacy during combinational therapies with cddp by alleviating the side effects of cddp in normal tissues.
substantial evidence indicates that the production of ros by cddp in the kidney is crucial to the progression of nephrotoxicity 31 . The ros are seen as early signs partially responsible for the activation of various signaling pathways that culminate in kidney failure, renal injury, and cell death in the event of cddp-induced nephrotoxicity 2 . The data here show that aec treatment prevents the generation of ros by cddp, which could be another mechanism underlying the protective potentiality of aec. a large number of studies report that oxidative stress stimulates kidney cells to produce a cytoprotective response. This is best illustrated by Ho-1, an enzyme with potent antioxidant activity, and upregulation of Ho-1 expression is recognized as a key event in maintaining cellular antioxidant capacity. Ho-1-deficient rats were significantly more sensitive to cddp-induced kidney damage compared to wild controls. Ho-1 overexpression significantly reduced in vitro cddp-induced apoptosis, albeit the molecular basis for the cryoprotective effects of Ho-1 is not entirely clear 32 . consistent with this, the genetic depletion or chemical inhibition of Ho-1 significantly worsens kidney function and tubular injury in response to cddp treatment, further supporting a protective role for Ho-1 expression in cddp-induced renal injury 33 . in addition, various antioxidants have the ability to effectively protect against cddp-induced nephrotoxicity 34 . likewise, cinnamon has been demonstrated to possess antioxidant activities 12 , and thus, be potentially protective against cddp-mediated apoptosis. in this study, we found that aec treatments promoted the expression of Ho-1 mrNa, which was associated with the reduction of cddp-mediated cell death. Therefore, up-regulation of Ho-1 by aec suggest that aec treatment might trigger events leading to attenuation of apoptotic cascades, which may contribute, at least in part, to the reduction of cddp-induced cytotoxicity in Vero cells. Therefore, the protective effect of aec has a potential in combinational therapy.
CONCLUSION
This study in Vero cells reveals several molecular mechanisms that could explain why aec prevents cddpinduced Vero cell death. aec prevented apoptotic cell death at multiple levels: (1) aec prevented Bax activation and translocation from the cytosolic to the mitochondrial compartment; (2) aec prevented the release of cytochrome c from the mitochondria to the cytosolic compartment; (3) aec ameliorated cddp-induced caspase-3 activation; (4) prevented cddp-induced ros generation, and (5) up-regulated Ho-1 mrNa expression. altogether, these intracellular events resulted in attenuation of apoptosis. The present study suggests that the inhibition of apoptosis and activation of Ho-1 by the regular intake of the natural phytochemical "cinnamon" may be one of the most practical and feasible ways to reduce the risk of cddp-induced toxicity.
ABBRevIATIONS
ao, acridine orange; aec, aqueous extract of cinnamon; cddp, cisplatin; etBr, ethidium bromide;
Ho-1, Heme oxygenase; ros, reactive oxygen species.
